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LEADING ARTICLE 
Transcranial Doppler for Carotid Endarterectomy 
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Patients with symptomatic high-grade carotid artery 
stenosis benefit from carotid endarterectomy. How- 
ever, the operation is not without complications. The 
perioperative stroke rate varies from 2 to as much as 
24% and depends on technique and patient selection. 
Seventy percent of perioperative strokes occur during 
the operation and are equally caused by cerebral 
ischaemia due to a low perfusion pressure and 
thromboembolic events related to surgical manipula- 
tion of the carotid artery. 1
The unique advantage of transcranial Doppler 
(TCD) for monitoring cerebral perfusion 2 is that it is 
noninvasive and at the same time detects changes in 
cerebral blood flow (CBF) immediately. 2'3 TCD pro- 
vides the surgeon with a more accurate indentification 
of functional collateral flow behind the stenosis. 1 
Thus, TCD gives prior warning of reduced flow before 
cerebral ischaemia results in changes on electro- 
encaphelography (EEG) or somatosensory evoked 
potentials (SEPs). TCD also helps to identify a sub- 
group of patients preoperatively whose symptoms are 
due to a critically reduced cerebral perfusion rather 
than emboli. This condition is detected by the finding 
of an exhausted cerebral vascular eserve as assessed 
with carbon dioxide or acetazolamide 
responsiveness. 3 
During the operation cerebral ischaemia can be 
prevented by the application of a carotid shunt. If TCD 
is not available, EEG or SEP provides information 
about ischaemia but cannot differentiate between low 
blood flow and an embolic event. Alternatively, a low 
pressure in the internal carotid artery during the cross- 
clamp ("the stump pressure") may be used to decide 
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whether to shunt although its predictive value is poor. 
If the operation is performed under local anaesthesia 
then neurologic symptoms will of course indicate 
cerebral ischaemia but again the cause may be 
unclear. 
TCD monitoring is usually performed using a low 
frequency (2 MHz) pulsed Doppler ultrasound probe 
focused on the middle cerebral artery (MCA) via the 
thin temporal 'window'. The commonest parameter 
measured is the mean blood flow velocity (MCA 
Vmean). 
The MCA Vmean correlates to the stump pressure, 
CBF and to EEG changes. 4'5 To maintain a normal 
EEG, the critical level of CBF is 15-20 ml/100 g/min. 
Correspondingly, when EEG changes appear, the 
Vmean is below 30 cm/s and often as low as 10 cm/s. 
Halsey et al. 6 demonstrated a correlation between 
MCA Vmean , EEG and CBF. Using isoflorane for 
anaesthesia, the average CBF was 16 ml/100 g/min 
and Vmean 21 cm/s, when EEG changes occured 
during carotid cross-clamping. With halothane anaes- 
thesia a MCA Vmean below 30 cm/s indicates a CBF 
below 20 ml/100 g/min. 4 In other words, a Vmean of 30 
cm/s provides for a vascular reserve to the brain 
taking into account hat in patients with a preopera- 
tive infarct, the critical perfusion threshold may be 
higher than in normals. The ratio of Vmean clamp/ 
Vmean pre-clamp eliminates inter-individual variation. 
A ratio of 0.6 identified 89% of patients with respect to 
a CBF above or below 20 ml/100 g/min. 4 Similarly, 
97% of patients were categorised correctly with 
respect to EEG changes when this ratio was 0.4. As for 
detection of clamp-induced hypoperfusion, TCD iden- 
tifies shunt malfunction, but in general Vmean 
increases when a shunt is applied, as does CBF. 1'4'5 
The introduction of TCD has helped in other ways; 
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as it enhances the awareness of dangers. Notably 
mobilisation of the carotid bifurcation may be asso- 
ciated with embolic signals warning the surgeon to be 
more cautious. The high incidence of air/platelet 
embolization during shunt insertion and after restora- 
tion of the carotid flow has come as a surprise to 
many. 7Although such emboli are small, they may be 
important for morbidity. An already haemodynam- 
ically compromised brain, or one with an area of 
infarction, is likely to be more susceptible to "innoc- 
uous embolic phenomena" than is the normal brain. 
Any alteration to operative technique which decreases 
embolisation is to be encouraged. 
The Doppler technique is able to detect emboli with 
a diameter of 0.3 to 0.5 mm 8 and software has been 
developed for quantification. Emboli are not easily 
differentiated from artefacts, though they tend to give 
rise to a positive deflection whereas an artefact 
spreads from the zero velocity line in both directions. 
Thus, during carotid endarterectomy TCD may alert 
the surgeon that emboli are entering the cerebral 
circulation and manipulation of the artery stopped, a
cross-clamp applied or the artery reopened to detect 
an embolic source. 
PostoperativelN correction of a high grade carotid 
artery stenosis can be complicated by symptoms 
related to hyperperfusion such as ipsilateral headache, 
seizures and even intracerebral haemorrhage. An 
excessive increase in CBF has been termed the post- 
endarterectomy h perperfusion syndrome. 9 Loss of 
cerebral autoregulation is related to correction of a 
preoperative state of chronic hypoperfusion. Hyper- 
perfusion has been detected intraoperatively but is 
more pronounced uring the postoperative period. 
Patients in danger of developing hyperperfusion 
syndrome have elevated ipsilateral MCA flow velocity 
rates and defective autoregulation, since flow velocity 
is normalised in response to a reduction of blood 
pressure, even in normotensive patients. 9 In the 
majority of patients symptoms of cerebral hyper- 
perfusion vanish within two weeks corresponding to a 
restoration of cerebral autoregulation. 
The ability of TCD to detect cerebral emboli may 
also be of help in resolving the pathogenesis of 
transient ischaemic attacks, especially if long-term 
Doppler ecordings become available using a portable 
recorder. This information is important for the man- 
agement of individual patients and assessment of new 
therapies. Thus, in patients with atrial fibrillation, 
TCD-evaluated cerebral perfusion is compromised 
during exercise. 1° Given all the positive aspects of 
TCD, it must be granted that approximately 10% of 
patients are unsuitable for investigation due to techni- 
cal difficulties. 3 Intracerebral flow velocity monitoring 
with TCD is also operator dependant. 
In conclusion transcranial Doppler allows for non- 
invasive continuous assessment of the pathophysiol- 
ogy of cerebral ischaemic attacks, refinement of the 
carotid endarterectomy with respect o prevention of 
cerebral ischaemia, detection of cerebral emboli and 
postoperative hyperperfusion. These features make 
TCD a most interesting clinical and research tool. 
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